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The aim. Compare the hemodynamic effects and safety of infusion of the balanced crystalloid solution, sorbitol-based 
solution, and standard solution (0.9 % sodium chloride). 
Materials and methods. A prospective randomized clinical trial was carried out, the study included 92 adult patients, 
who had the active surgical infection, and were in a state of septic shock. A corresponding solution with a volume of 
500 ml was used for resuscitation. Hemodynamic and other clinical and laboratory parameters were monitored. 
Results. There was no significant difference in mean arterial pressure (MAP) between the 3 groups before the 45th mi-
nute (p>0.05), from the 50th minute to 2 hours they were found only between the NS and Sorb groups (p <0.05). No 
statistically significant difference in heart rate (HR) was obtained in any measurement (p> 0.05). Cardiac output (CO) 
and oxygen delivery (DO2) did not differ until 35 min (p> 0.05) and up to 40 min (p> 0.05); after 40 min and 45 min, a 
significant difference was also found between the Sorb and NS groups (p <0.05). After infusion of a sorbitol-containing 
solution and a balanced polyionic solution, the acid-base state of the blood significantly improved. The applied dose of 
the sorbitol-containing solution was safe for renal function and blood clotting in septic shock in this study. But the ap-
plied balanced polyionic solution may be associated with a decrease in the number of platelets. Daily changes by 
APACHE II scores in each group were not statistically significant. The difference in 7-day and 28-day mortality be-
tween groups was not statistically significant (p>0.05). 
Conclusions. In our study, the balanced polyionic solution with 1.9 % sodium lactate and 6 % sorbitol was the most 
effective and safe infusion solution for the treatment of septic shock, it can be used as a supplement to balanced crystal-
loid solutions. When using a balanced polyionic solution (Ringer's acetate) with 0.07 % L-malonic acid, the platelet 
count should be monitored more often 
Keywords: sorbitol, balanced, crystalloid, Ringer's acetate, L-malonic acid, septic shock, monitoring, hemodynamics, 
safety, platelets 
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1. Introduction 
Infusion therapy is a key component of the treat-

ment of septic shock [1]. Timely fluid therapy is critical 
for improving cardiac output, restoring oxygen delivery, 
and preventing multiple organ failure syndrome (MODS) 
in septic shock [2]. Therefore, infusion therapy is rec-
ommended as a first-line intervention for resuscitation of 
patients with this pathology [1]. Timely fluid resuscita-
tion is associated with a decrease in hospital mortality 
[3], and delayed resuscitation is associated with a pro-
nounced release of inflammatory mediators, mitochon-
drial dysfunction, and a worsening prognosis [4, 5]. 
When carrying out fluid resuscitation in septic shock, 
there is still no clear evidence of the advantage of any of 
the modern infusion solutions. 

In the International Guidelines for Management of 
Sepsis and Septic Shock 2016 [1], the authors recom-
mend crystalloid solutions for initial resuscitation and 
circulating blood volume (CBV) support, but no recom-
mendation is given on which specific crystalloid solution 
should be used, as no direct comparison of isotonic saline 
and balanced saline in patients with sepsis. From colloi-
dal solutions, it has been suggested to use albumin in 
addition to crystalloids for initial resuscitation and CBV 
support, provided that patients require significant 
amounts of crystalloids. 

In Ukraine, a balanced polyionic solution with so-
dium lactate and sorbitol is widely used, which combines 
the properties of crystalloid and colloidal solutions. Due 
to its high hyperosmolarity, the drug promotes the flow 
of fluid from the intercellular space into the vascular bed, 
which improves microcirculation and tissue perfusion 
[6]. Due to the powerful specific osmo-diuretic effect of 
sorbitol, associated with the lack of natural mechanisms 
of reabsorption of polyhydric alcohols in the proximal 
renal tubules in humans, a pronounced diuretic effect is 
observed [7]. The lactate anion contained in the prepara-
tion helps to correct the acid-base state of the plasma, 
and also restores and stimulates the functions of the cells 
of the reticuloendothelial system, liver and kidneys [7]. 
All these qualities give grounds for using it for volumet-
ric replacement therapy of various etiologies, such as 
hemorrhagic shock [8], polytrauma [6], acute pancreatitis 
[9], septic shock [10], anaphylactic shock [11]. 

Published studies have not sufficiently investigat-
ed the efficacy and safety of a balanced polyionic solu-
tion with sodium lactate and sorbitol in patients with 
sepsis and septic shock. Given the availability and wide-
spread use of this drug in Ukraine, there is an urgent 
need to cover this topic and collect information on the 
safety and effectiveness of its use in patients with septic 
shock. 
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The aim of the research – to compare the hemo-
dynamic effects and safety of the infusion of balanced 
crystalloid solution, sorbitol-based solution and standard 
solution (0.9 % sodium chloride) in patients with septic 
shock. 

 
2. Materials and methods 
A prospective randomized controlled clinical study 

based on the Department of Anesthesiology and Intensive 
Care (DAIC) of Kiev City Clinical Hospital (KCCH)  
No. 4 was carried out. The study complied with the princi-
ples of good clinical practice set out in the Declaration of 
Helsinki and informed consent was obtained from all pa-
tients. To conduct the study, permission was obtained from 
the Ethics Committee under KCCH No. 4 dated 
01.06.2016. The study involved patients aged 27–92 years 
(mean age 65.3±15.2 years), 38 men and 54 women hos-
pitalized in DAIC with active surgical infection (intesti-
nal obstruction, perforation of hollow organs, infected 
pancreatitis, abscess of parenchymal organs, gangrene of 
the lower extremities, peritonitis of other origin) and in a 
state of septic shock.  

Septic shock was defined according to the criteria 
of The Third International Consensus Definitions for 
Sepsis and Septic Shock (Sepsis-3) [12] as sepsis (an 
increase in SOFA scores by 2 or more points) with a 
plasma lactate level of more than 2 mmol/L and a need 
for vasopressors to maintain mean arterial pressure 
(MAP) at ≥65 mm Hg. 

The study did not include patients whose condi-
tion was recognized as incurable (terminal stage of can-
cer, total mesenteric thrombosis), as well as those who at 
the time of screening had already received a significant 
volume of infusion therapy (>1000 ml of solution for 
infusion) within the last 3 hours. 

The randomization was done using the Ran-
dom.org random number generator. Patients were ran-
domized to one of the following groups: 

– Sorb group (Sorb. – Sorbitol): patients who re-
ceived an intravenous infusion of 500 ml of balanced po-
lion solution with 1.9 % sodium lactate and 6 % sorbitol; 

– Bal group (Bal. – balanced crystalloids): pa-
tients receiving an intravenous infusion of 500 ml of bal-
anced polyionic solution (Ringer's acetate) with 0.07 % 
L-malonic acid; 

– NS group (NS – normal solution, control): pa-
tients received an intravenous infusion of 500 ml of 0.9 
% sodium chloride solution. 

After screening patients and before starting infu-
sion, baseline hemodynamic parameters (non-invasive 
blood pressure, pulse oximetry, heart rate (HR), electro-
cardiography), central venous pressure (CVP), plasma 
lactate level, acid-base state (ABS) and blood gases from 
the central vein, indicators of general and biochemical 
blood tests (bilirubin, creatinine, total protein, glucose, 
electrolytes, coagulogram and other indicators if neces-
sary). Hemodynamic parameters such as cardiac output 
(CO), cardiac index (CI), stroke volume (SV), stroke 
index (SI) were monitored using an esophageal Doppler 
transducer and a corresponding monitor (CardioQ 
ODM+, Model No. 9051-6935, Deltex Medical, UK) and 
pulse wave velocity analysis (Bedside monitor with esC-
CO™ continuous cardiac output, Model: BSM-3562, 

Nihon Kohden, Japan). The lactate content was deter-
mined using a photometric express system (Accutrend 
Plus, Roche, Germany). Also monitored: non-invasive 
blood pressure, pulse oximetry, HR, electrocardiography, 
central venous oxygen saturation (ScvO2), CVP, the need 
for vasopressors. Body mass index (BMI) was calculated 
using the formula:  

 
BMI=m/h2, 
 

where: m – body weight in kilograms, h – height in meters.  
The Acute Physiology And Chronic Health Eval-

uation II (APACHE II) scale was used to assess the se-
verity of the patient's condition. The APACHE II and 
SOFA scores were calculated after a survey, physical and 
clinical laboratory examination of patients. 

The APACHE II scale consists of three blocks: 
1. Assessment of acute physiological changes 

(acute physiology score - APS): temperature, MAP, HR, 
respiratory rate, oxygenation, arterial blood pH, concen-
tration of sodium, potassium and creatinine in the blood, 
hematocrit, leukocytes, Glasgow score; 

2. Age assessment. 
3. Assessment of chronic diseases. 
The SOFA (Sepsis-related Organ Failure Assess-

ment) scale took into account the partial pressure of oxy-
gen, the fraction of inhaled O2, the number of platelets, 
points on the Glasgow coma scale, the level of bilirubin, 
the degree of hypotension, and the level of creatinine. 

Infusion of drugs in all groups was performed 
according to the principle of Goal-Directed therapy 
[13]: after the initial screening, a fast infusion test 
(within 15–18 minutes) of 500 ml of the corresponding 
drug was performed and changes in hemodynamic pa-
rameters were recorded - an increase in cardiac output 
(CO), with growth ≥12 %, the test was considered posi-
tive, the infusion was continued with 500 ml of 0.9 % 
sodium chloride solution in each group, and the pa-
rameters were measured again. The cycle was repeated 
until the hemodynamic response to infusion was lost or 
the total infusion volume reached 20 ml/kg body weight 
for 2 hours. The average infusion volume was 
1560±280 ml. 

Repeated sampling of the general blood test 
(GBT) and biochemical blood test was performed on the 
2nd day, the plasma lactate content and the coagulation 
system parameters were determined 2 hours after the 
start of fluid resuscitation, ABS and blood gases from the 
central vein were determined after 1 hour. The APACHE 
II and SOFA scores were repeated on day 2. 

Patients were monitored by the research team un-
til hospital discharge or death. Research endpoints:  

1) the influence of the choice of solution for re-
suscitation on hemodynamics; 

2) oxygen delivery index (DO2), oxygen delivery 
was calculated as 1.34×SaO2×CO×Hb/100, where 1.34 is 
the Hüfner constant, SaO2 is the saturation of arterial 
blood hemoglobin with oxygen ( %), Hb is the hemoglo-
bin concentration in the blood (g/L6); 

3) normalization of pH, BE (base deficiency), 
ScvO2; 

4) effect on kidney function (creatinine level); 
5) influence on the coagulation function; 
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6) change in the assessment of the severity of the 
patient's condition per day according to the APACHE II 
scale; 

7) 7-day and 28-day mortality. 
Statistical processing was performed in the SPSS 

Statistics 25.0.0 software environment (IBM Corpora-
tion, 2018). 

To test the normal distribution of quantitative da-
ta: Shapiro-Wilk test. To assess the reliability of the ob-
tained results, the following criteria were used: analysis 
of variance ANOVA (Leuven's test for testing the homo-
geneity of variance, for repeated multiple comparisons: 
Tukey's test, post hoc tests for homogeneous subgroups: 
Duncan's test), T-test of paired samples, Kruskal-Wallis 
test, Wilcoxon test, Criterion χ2. 

In the work, the difference was considered statis-
tically significant if the probability of false refutation of 
the null hypothesis was less than 5 % (P<0.05).  

 
3. Results 

The study included 92 patients, whose charac-
teristics are presented in tab. 1. General characteristics of 
all 3 groups in terms of gender, age composition, height, 
weight, BMI, APACHE II scale, SOFA scale, and nore-
pinephrine infusion rate, no statistically significant dif-
ference was found (p>0.05).  

In Fig. 1 is shown the distribution of patients ac-
cording to the localization of surgical infection; there 
was no statistically significant difference between the 
groups, p>0.05. 

 
 

Table 1 
Characteristics of groups Sorb, Bal and NS, M±m 

Study groups Sorb n=32 Bal n=29 NS n=31 

Sex 
Male 11 (34.4 %) 16 (55.2 %) 11 (35.5 %) 

Female 21 (65.6 %) 13 (44.8 %) 20 (64.5 %) 
Age (years) 27-92 (67.4±3.0) 31-82 (60.2±2.7) 31-89 (66.6±3.0) 
Weight (kg) 68.1±2.4 70.2±2.6 75.0±4.6 
Height (cm) 169.69±1.4) 170.81±1.8 171.07±1.6 
BMI (kg/m2) 26.05±2.4 25.58±2.6 29.02±5.1 
Baseline APACHE II score (points) 14.64±0.9 15.25±1.1 14.43±1.1 
Baseline SOFA score (points) 6.2±0.4 6.88±0.8 6.3±0.5 
Baseline lactate level, (mmol/l) 5.68±0.4 5.50±0.5 5.47±0.5 
Baseline MAP level, mmHg 68.0±2.0 68.0±1.0 66.0±2.0 
Infusion rate of norepinephrine, μg/kg/min 0.19±0.05 0.23±0.07 0.18±0.05 
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Fig.1. Diagram of distribution of patients in groups by source of surgical infection 

 
Baseline MAP values were consistent with the 

definition of shock and amounted to 68.0±2.0 mm Hg in 
the Sorb group, 68.0±1.0 mm Hg in the Bal group and 
66.0±2.0 mm Hg in the NS group, there was no statisti-
cally significant difference between the groups (p>0.05). 

After the start of the infusion of the study drugs, an 
increase in MAP occurred in all groups (Fig. 2). A signifi-
cant increase in MAP was observed already at the 5th mi-
nute compared to the baseline, MAPSorb(0:05)=80.0±3.0 mm 
Hg, pSorb<0.001, MAPBal(0:05)=79.0±3.0 mm Hg, 
pBal<0.001, MAPNS(0:05)=75.0±3.0 mm Hg, pNS<0.05. 
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The maximum increase in MAP in the Sorb group 
and Bal group was noted at the 15th minute and was 
+26.05 % and +25.73 % of the initial value (pSorb<0.001, 
pBal<0.001), MAPSorb(0:15)=85.0±3.0 mm Hg,  
MAPBal(0:15)=84.0±4.0 mm Hg. In the NS group, the max-
imum increase was noted at the 10th minute, +26.84 % 
(p<0.001), MAPNS (0:10)=83.0±4.0 mm Hg.  

At 50 minutes, in the NS group, MAP did not dif-
fer from the baseline (p>0.05). After 1 hour 25 minutes, 
in the Bal group, MAP recovered to baseline (p>0.05). 
After 2 h, the increase in MAP in the Sorb group re-
mained +11.99 % of the initial value (p<0.05), 
MAPSorb(2:00) =76.0±2.0 mm Hg.  

No significant difference was observed between 
the 3 groups until the 45th minute (p>0.05), from the 
50th minute to 2 hours, a significant difference was 
found only between the NS and Sorb groups (p<0.05). 

In all study groups at the start of the study, most 
of the patients were with tachycardia (Fig. 3). Average 

initial HR values were 105.0±5.0 bpm in the Sorb group, 
in the Bal group 107.0±4.0 bpm, in the NS group 
109±4.0 bpm, p>0.05. After drug infusion, there was no 
significant change in HR in the Sorb group (p>0.05). In 
contrast to the Sorb group, in the Bal group, after the 
drug infusion at the 5th minute, there was immediately a 
significant slowdown in HR -2.80 % (p<0.05), 
HRBal(0:05)=104.0±4.0 bpm, the maximum decrease in HR 
was observed at the 10th minute –5.61 % (p<0.05), 
HRBal(0:10)= 101.0±4.0 bpm, reliable deceleration lasted 
until the 40th minute: HRBal(0:40) =103.0±4.0 bpm, 
p<0.05, from the 45th minute to 2 hours HR did not dif-
fer from the initial one (p>0.05). In the NS group, only a 
significant HR deceleration was observed at the 10th 
minute of -3.67 % (p<0.05), HRNS(0:10)=105.0±4.0 bpm, 
from the 15th minute to 2 hours of HR not differed from 
the initial one (p>0.05). No statistically significant dif-
ference between Sorb, Bal, and NS groups in HR was 
obtained in any measurement (p>0.05).  

 

 
Fig. 2. Dynamics of mean arterial pressure (MAP, mm Hg) 

 

 
Fig. 3. Heart rate dynamics (HR, bpm) 
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The average initial CO values were  
4.40±0.36 L/min in the Sorb group, 4.34±0.31 L/min in 
the Bal group, 4.10±0.29 L/min in the NS group, p>0.05. 
After the start of the infusion of the study drugs, an in-
crease in CO occurred in all groups (Fig. 4). In all 
groups, a significant increase in CO was observed imme-
diately at the 5th minute, COSorb(0:05)=4.85±0.33 L/min, 
pSorb<0.05, COBal(0:05)=4.66±0.28 L/min, pBal<0.05, CONS 

(0:05)=4.53±0.34 L/min, pNS<0.05. The maximum increase 
in CO in the Sorb group was noted at 35 minutes and 
amounted to +27.50 % of the initial value (p <0.001), 
COSorb(0:35)=5.61±0.39 L/min. In the Bal group, the maxi-
mum growth appeared at 1 hour 45 minutes, +15.21 % 
(p<0.05), COBal(1:45)=5.00±0.31 L/min. In the NS group, 

the maximum increase was noted at the 15th minute, 
+18.54 % (p <0.001), CONS (0:15)=4.86±0.38 L/min. In the 
Sorb group, a significant increase continued until the end 
of the study, after 2 hours the increase in CO in the Sorb 
group was +19.32 % of the initial value (p<0.001),  
COSorb(2:00)=5.25±0.44 L/min. At 1 hour 50 mi-nutes, CO 
in the Bal group did not differ from baseline (p>0.05). In 
the NS group, CO at 45 minutes did not differ from the 
baseline (p>0.05).  

No significant difference between the 3rd groups 
up to 35 min inclusive was observed in any case 
(p>0.05); from 40 min to 2 hours, a significant difference 
was found only between the Sorb and NS groups 
(p<0.05). 

 

 
Fig. 4. Dynamics of cardiac output (CO, L/min) 

 
The initial mean DO2 values in the Sorb group 

were 704.0±78.0 ml/min, in the Bal group: 616.0± 
±50.0 ml/min, in the NS group: 631.0±64.0 ml/min, sig-
nificant no difference was found between groups 
(p>0.05). 

The dynamics of DO2 (Fig. 5) after the start of 
the infusion of the study drugs changed significantly as a 
result of the infusion load. In all groups, a significant 
increase in DO2 was recorded from the 5th minute, 
DO2Sorb(0:05)=770.0±75.0 ml/min, pSorb(0:05)<0.05, 
DO2Bal(0:05)=662.0±46.0 ml/min, pBal(0:05)<0.05,  
DO2 NS(0:05)=700.0±73.0 ml/min, pNS(0:05)<0.05. 

The maximum increase was observed in the 
Sorb group at 40 minutes +25.57 % (p<0.001),  
DO2 Sorb(0:40)=884.0±87.0 ml/min, in the Bal group at  
50 minutes +16.07 % (p<0.05), DO2 Bal(0:50) =715.0± 
±58.0 ml/min, in the NS group at the 15th minute +18.70 % 
(p<0.05), DO2 NS (0:15)=749.0±77.0 ml/min. 

In the Sorb group, all measurements were signif-
icantly higher than the initial ones (p<0.05). After  
2 hours, the increase in DO2 in the Sorb group remained 
+18.32 % of the initial value (p<0.001),  
DO2 Sorb(2:00)=883.0±93.0 ml/min. 

A significant increase in DO2 in the Bal group 
lasted up to 1 h 45 min: DO2 Bal(1:45) =713.0±53.0 ml/min, 
p<0.05. Starting from 1 h 50 min inclusive in this group, 
the DO2 value did not significantly differ from the initial 
(p>0.05). 

A significant increase in DO2 in the NS group 
lasted until the 40th minute: DO2NS (0:40) =678.0± 
±58.0 ml/min, in the NS group at the 15th minute +18.70 % 
66.0 ml/min, p<0.05. Starting from the 45th minute, in-
clusively, in this group, the DO2 value did not signifi-
cantly differ from the initial one (p>0.05). 

There was no significant difference between the 
3 groups 45 minutes after infusion in any measurement 
(p>0.05). From 50 minutes to the second hour, a signifi-
cant difference was found only between the Sorb and NS 
groups (p<0.05). 

The initial pH level of the central venous blood 
(Fig. 6) did not differ (p>0.05) and was 7.26±0.02, 
7.29±0.03, and 7.31±0.02 in Sorb, Bal, and NS groups, 
respectively. After 1 hour, significant increases were 
found in the Sorb and Bal groups, which were 7.30±0.02 
and 7.32±0.02, p<0.05 and p<0.05. In the NS group, 
there was no significant change, after 1 hour the pH was 
7.32±0.02, p>0.05.  
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The initial pH level of the central venous blood 
(Fig. 6) did not differ (p>0.05) and was 7.26±0.02, 
7.29±0.03, and 7.31±0.02 in Sorb, Bal, and NS groups, 
respectively. After 1 hour, significant increases were 

found in the Sorb and Bal groups, which were 7.30±0.02 
and 7.32±0.02, p<0.05 and p<0.05. In the NS group, 
there was no significant change, after 1 hour the pH was 
7.32±0.02, p>0.05.  

 

 
Fig. 5. Dynamics of the calculated systemic oxygen delivery with arterial blood (ml/min) 

 
 

 
Fig. 6. Changes in pH levels of central venous 

blood 
 

ScvO2 levels of central venous blood (Fig. 7) in 
the Sorb, Bal, and NS groups were 61.9±1.9 %, 60.7± 
±2.8 %, and 57.0±2.6 %, respectively (p>0.05). All 
groups showed significant increases at 1 hour after infu-
sion, especially in the Sorb group there was a very pro-
nounced change. The ScvO2 level in the groups became 
71.2±1.8 %, 66.7±2.9 %, and 63.4±2.6 %, respectively, 
p<0.001, p<0.05 and p<0.05. 

 

 
Fig. 7. Change in central venous blood of ScvO2  

level ( %) 
 

The BE values of central venous blood (Fig. 8) 
did not differ before infusion (p>0.05), in Sorb, Bal, and 
NS groups, respectively, they were –6.51±1.12 mmol/L, 
–5.36±1.14 mmol/L, and –4.74±1.12 mmol/L. In the 
Sorb and Bal groups, significant increases in levels were 
found 1 hour after infusion –4.74±1.24 mmol/L and  
–4.09±1.28 mmol/L, p<0.05. In the NS group, there was 
no significant change; 1 hour after the infusion, BE was  
–4.75±1.30 mmol/L, p>0.05. 
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Fig. 8. Change in BE level of central venous blood 

(mmol/L) 
 
Baseline creatinine levels (Fig. 9) in the Sorb, 

Bal, and NS group were 174±12 mmol/L, 165± 
±19 mmol/L, and 182±19 mmol/L, respectively, the dif-
ference between the groups was not pronounced 
(p=0.729). Significant changes were not found in any 
groups after infusion, after 24 hours, the creatinine levels 
became 185±11 mmol/L, 177±13 mmol/L and 195± 
±17 mmol/L, respectively p>0.05, p>0.05 and p>0.05. 

 

 
Fig. 9. Change in creatinine levels over 24 hours 

(mmol/L) 
 

Average PTI values are shown in Fig. 10. At the 
beginning of the study, the mean PTI value between all 
groups did not differ, in Sorb, Bal and NS group, respec-
tively, it was 82.30±2.31 %, 78.27±0.68 % and 
81.71±3.07 %, p>0.05. 2 hours after the infusion, no pro-
nounced change was found in any of the groups, PTI 
became 81.70±3.72 %, 78.55±1.11 % and 81.43±4.85 %, 
p>0.05, respectively. 

Before the start of the study, aPTT indices had no 
statistical difference in the 3 groups (Fig. 11) and in the 
Sorb, Bal and NS groups, respectively, 34.00±2.94 s, 
30.83±2.63 s and 35.40±2.25 s, p>0.05. In all groups, no 
significant changes in aPTT were found 2 hours after 
infusion - 35.67±3.36 s, 29.33±2.49 s, and 32.40±2.24 s, 
respectively (p>0.05). 

The amount of fibrinogen at the beginning of the 
study also did not differ and in the Sorb, Bal and NS 
groups, respectively, was 5.52±0.44 g/L, 5.15±0.81 g/L 
and 6.5±0.47 g/l, p>0.05. The changes in the concentra-
tion of fibrinogen in the blood in any of the groups were 
not statistically significant. 2 hours after infusion, the 

fibrinogen level was 5.57±0.40 g/L, 5.68±0.86 g/L, and 
6.35±0.33, respectively (p>0.05). 
 

 
Fig. 10. PTI change (%) 

 

 
Fig. 11. aPTT change (seconds) 

 
The average INR is shown in Table 2. At the be-

ginning of the study, the mean INR between all groups 
was not statistically different, p>0.05. 2 hours after infu-
sion, no significant change was found in any of the 
groups (p>0.05).  

The initial platelet counts did not differ signifi-
cantly (Fig. 12); in Sorb, Bal and NS groups, respective-
ly, they were 279.0±21.0 *109/l, 251.0±13.0 *109/l and 
282.0±24.0 *109/l, p>0.05. A significant decrease in the 
number of platelets was noted in the Bal group and after 
24 hours was 203.0±15.0 *109/l, p<0.05. No changes in 
platelet count in Sorb and NS groups were found, after 
24 hours – 273.0±18.0 *109/l and 275.0±23.0 *109/l 
(p>0.05). 
 

 
Fig. 12. Changes in platelet count one day after infusion 

(*109 /l) 



Scientific Journal «ScienceRise: Medical Science»                                                                                         №1(40)2021 
  

 47 

Table 2 
INR change, M±m 

Study groups 
Sorb group 

n=32 
Bal group 

n=29 
NS group 

n=31 
Initial 1.40±0.07 1.28±0.06 1.35±0.07 

After infusion 1.36±0.07 1.30±0.07 1.31±0.07 
 
 

The differences in APACHE II scores in all pa-
tients before the study were statistically insignificant 
(Fig. 13), in the Sorb, Bal and NS groups they were 
14.64±0.87 points, 15.25±1.09 points and 14.43± 
±1.14 points, p>0.05. In Sorb, Bal group the tendencies 
of decrease of points were revealed. Average scores of 
Sorb, Bal and NS groups after 24 hours: 13.96± 
±1.17 points, 13.95±1.32 points and 14.96±1.17 points 
(p>0.05). 

 

 
Fig. 13. APACHE II score 

 
In Fig. 14, 15 show the ratio of patients with fatal 

outcome to survivors 7 and 28 days after the detection of 
shock. The difference in 7-day mortality between the  
3 groups was not statistically significant, in the Sorb, Bal 
and NS groups, respectively, it was 28.1 % (9 of 32), 
37.9 % (11 of 29) and 38.7 % (12 of 31), p>0.05. The 
difference in 28-day mortality between the 3 groups was 
also not statistically significant, in the Sorb, Bal and NS 
groups, respectively, it was 40.6 % (13 of 32), 41.4 % 
(12 of 29) and 45.2 % (14 of 31), p>0.05.  

 

 
 

Fig. 14. The result of treatment of patients  
7 days after the detection of shock 

 

 
Fig. 15. The result of the treatment of patients  

28 days after the detection of shock 
 

4. Discussion of research results 
When using the described 3 types of solutions for re-

suscitation of patients with septic shock in the same volume 
with the same injection rate, the MAP increased simultane-
ously and significantly, the amplitude of the increase was 
the same, but the duration of action was the longest when 
using the sorbitol-containing solution. The duration of ac-
tion when using a balanced polyionic solution was in second 
place, the duration of action was shortest when using 0.9 % 
sodium chloride solution. Therefore, at the 2nd hour, the 
MAP level in the Sorb group was significantly higher than 
in the NS group. CO and DO2 simultaneously and signifi-
cantly increased immediately after infusion, but the degree 
of increase and duration of action were greatest when using 
a sorbitol-containing solution, the duration of action when 
using a balanced polyionic solution ranked second. These 
changes in hemodynamics also indirectly confirm the 
change in ScvO2: there was an extremely pronounced in-
crease in the Sorb group. In addition, when using a sorbitol-
containing solution, a pronounced reflex decrease in HR 
was not caused as with the other 2 drugs. This effect can 
probably be explained by the hyperosmolarity of the solu-
tion (900 mOsm/L), a rapid increase in preload, and, possi-
bly, like 7.5 % NaCl, the ability to stimulate the rapid re-
lease of catecholamines. 

After the infusion of a sorbitol-containing solution 
and a balanced polyionic solution, the acid-base state of the 
blood significantly improved, which is explained by the 
presence of buffer compounds in these preparations. 

The dose of sorbitol-containing solution used was 
safe for renal function and blood clotting in septic shock 
in this study. But it is possible that the type of balanced 
polyionic solution used may be associated with a de-
crease in the number of blood platelets. In the study [14], 
which was conducted with the participation of patients 
enrolled in the SPLIT study, fewer patients in the 0.9 % 
saline group required blood products (red blood cells, 
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fresh frozen plasma, platelets or cryoprecipitate) com-
pared with patients in the balanced crystalloid solution 
group (18.3 % versus 30.5 %, p=0.03). 

Compared with saline sodium chloride, there is a ten-
dency for APACHE II scores to decrease in patients in 
the group receiving sorbitol-containing solution and bal-
anced polyionic solution. However, these changes were 
not statistically significant. 

A downward trend in 7-day mortality was observed in 
the Sorb group, but the change was not statistically signifi-
cant, which may be due to insufficient study power. 

Study limitations. The study groups were not 
large, about 30 patients each. Before the screening and 
involvement of patients in the study, in addition to the 
research drug, they still received a certain amount of iso-
tonic sodium chloride, which is due to the existing stand-
ards of patient management. 

Prospects for further research. In the future, it 
is possible to increase scope of the study, study more 
advanced indicators of blood coagulation and renal func-
tion to compare safety. 

5. Conclusions 
In this study, a balanced polyionic solution 

with 1.9 % sodium lactate and 6 % sorbitol was the 
most effective and safe infusion solution for the 
treatment of septic shock, but it should be used in 
limited quantities. The balanced crystalline solution 
should remain as the primary drug for fluid therapy. 
When using a balanced polyionic solution (Ringer's 
acetate) with 0.07 % L-malonic acid, the platelet 
count should be monitored more often. The use of the 
test solutions did not significantly affect the 7-day 
and 28-day mortality. 
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